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1. XpeHoJOrnm4yecKmii NopAagoK

Pacronoxure IepeumciieHHbIe HIDKE «aCTPOHOMIIYe-
cKme» coObITUS OT GoJjilee paHHUX K 0ojiee MO3THUM.
BHecure nmopsgkoBbie HOMepa coobrTuii (0T 110 11)
B Ta0JIMIy HAa JINCTE OTBETOB.

1. 3amyck KOCMUUeECKOro Teseckora «Xab6i»

2. Ilpunér x Mapcy 30HI0B MpoOrpaMMbl « BukmHr»
3. Orkpsitue Poboca u deiimoca
4

. TlocnenHee mpoxoskaeHME IEPUTEINS
komertoit 1/P Tannesa

Orkpsitue Llepeps! (KapIMKOBOJL IIJTAHETHI)
OtxkpeITie YpaHa (T1aHeTsl)

7. IlepBoe ycIlelIHOe M3MepeHNe TOAMYHOTO
Napaijlakca 3Be3/1bl

8. OTkpsITHe IepBOIl INIAHETAPHOI TYMaHHOCTH
9. Orkpsitue 3Bé3nubix HacexeHn (I u II)

10. IlepBoe oTOXAeCTBIEHME KBa3apa
C ONTUYECKUM UCTOUHNKOM

11. OtkphITHE paciypenus BeeaerHoI

AN

2. 3pdexTrr OTO B CorHEeUHOII cuIcTEMe

A. 30OMHTTOH CO TOBApUIIM M3MEPIII OTKIOHEHNE CBeTa
OT 3Be3[bI, IIPOLIEIIET0 OIN3KO K moBepxHOCTH CONH-
11a, BO BpeM4 IIOJIHOTO COJIHEYHOro 3aTMeHnda 1919 rona.
PesynpTaThl M3MepeHMII OKasaJICh COIVIACOBAHHBIMM
C TeOpeTUUECKN NIpeCKa3aHHbIM 3HAUECHNEM 1.75".

®oTousl, mponeratorue MuMmo CoJHIIA HA PACCTOSHUL
d, OTKJIOHSIIOTCS Ha yTOJI (I10J1araeMbIil MaJIbIM)

AG =

B Hacrosiiiee Bpems paspelaromas CIOCOOHOCTH pa-
OUMOMHTEpHEPOMETPOB CO CBEPXIJIMHHBIMU Oa3zamu
cocraiser 0.1 mas (MuwuincekyHn myru). BosmoxxHO
J1 OGHAPYKUTB OTKJIIOHEHVIE PAAMO(OTOHOB, UCITYIIEH-
HBIX KBa3apoM, B IPAaBUTALIIOHHOM I10JIe

(a) IOmurepa; (b) Jyusr?

OreHnTe yroJ OTKJIOHEHNS B 000MX CIIyYasx U BbIOepu-

te BapuanTsI “YES” mwian “NO” Ha mucTe oTBeTOB.!

10 6asu1oB

Arrange  the  following  astronomy-related  events
in chronological order from the oldest to the most recent.
Write the correct serial number (between 1 and 11) in
the appropriate box on the answer sheet.

Launch of the Hubble Space Telescope

Viking probes arrived at planet Mars

Discovery of Phobos and Deimos

Latest perihelion of comet 1/P Halley

Discovery of Ceres (asteroid / dwarf planet)
Discovery of Uranus (planet)

First successful measurement of a stellar parallax
Discovery of the first planetary nebula
Discovery of stellar populations (I and II)

First identification of a quasar with an optical source
Discovery of the expansion of the Universe

A A S

—_ =
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10 6amioB

A. Eddington and F. Dyson from Principe, and C. Davidson
and A. Crommelin from Sobral, Brazil measured the deflection
of light coming from stars apparently very close to the Sun
during the total solar eclipse in 1919. The deflection was found
to agree with the theoretically predicted value of 1.75".

A light ray (or photon) which passes the Sun at a distance d
is deflected by an angle

_4GM,
dc?

The present-day accuracy of the VLBI (Very Long Baseline
Interferometry) technique in the radio wavelength range
is 0.1 mas (milliarcsecond). Is it possible to detect a deflection
of radio photons from a quasar by (a) Jupiter, (b) the Moon?

Estimate the angle of deflection in both cases and mark “YES”
or “NO” on the answer sheet.

lﬂomanyﬁcm, OTMeuajiTe CBOIT BBIOOP KPECTUKOM X B HY)KHBIX KBajparax.
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3. CBepxmaccuBHaA y€épHad AbIpa B HeHTpe Mieunoro ITytu n M87

IlepBoe m300pakeHMe UEPHON ABIPHI OBLIO HEZABHO
ITOJIyUeHO MeXKOyHapOoqHOI paboueii rpymnmoii Texecko-
na ropusoHTa coosrtuii (EHT). 3aneuarnénnas 06macTb
OKpY’KaeT CBEPXMAaCCHBHYIO UEpPHYIO OBIPY B LIEHTpE
ramaktukn M87. HabGmiomenus, o6pabGoTka KOTOPBIX
npuBeja K OTJINUYHOMY pPe3yJbTaTy,
Ha [yIrHe BOJHBI A = 1.3 mm, Oj151 KOTOPOVI Me>K3BE3THOe
MOTJIOLIIEHIE MIMeET IPUEMIIEMYIO BEJIMUNHY.

IIpOM3BOANINCH

(a) Ompenemnute pasmep MHCTPyMeHTa, KOTOPBIIL II03BO-
JeT PaspelnTh TeHb YEPHOIT BIPHI (PAIyC TEHI paBeH
3 paguycaM ropusoHTa coObpITIiT). Beipasure pesynbrat
uepes paccrosgHMe d 0o oObeKTa 1 ero maccy M.

(b) Brrumcinre pa3Mep MHCTPyMEHTa B eQUHNLAX
pamguyca 3eMin Re [ paspelleHnus. . .

I. CBEpXMAaCCUBHOJ UE€PHOI OBIPHI ralakTuku M87:
dpr-Ms7 = 5.5 x 107 1y [cB. et], Mpg.msy = 6.5 x 109 Mo;

ii. Sgr A*, pacrioynokeHHOI B LieHTpe Miteuroro ITyTu:
dsgr o+ =8.3 kpe, Msgy o =3.6 x 10° M.

(c) Ha xaxom mpumHUMIIE OCHOBaHA TEXHOJIOTYS, HEOO-
XoauMas JJIS CO3TaHMSA ITOOXONAIIEro MHCTPyMeHTa?
OTMeThTE OYKBY HA JINICTE OTBETOB.

(A) T'paBuTaIMOHHOE IMH3MPOBAHME TEMHOI MaTePUN
(B) NuTtepdbepomerpus Ha paguoTeIecKoOIax

(C) 3amemienue GOTOHOB B ILIOTHOI Cpefie

(D) YmensIlIeHMe MCKaskeHUIT BOJTHOBOTO poHTa

(E) ®oxycupoBKa HEMTPUHO B CUIBHOM
9JIEKTPOMATrHUTHOM I10JIE

4. YnyuiieHue TejiecKkona-pedJiexropa

Y yuameroca ecTb CpeJHEHBKMII TeJIEeCKOIl CIUCTEMBI
KaccerpeHa, riiaBHOe ¥ BTOPMUYHOE 3epKaja KOTOPOTO
MMeIOT aNIOMIHIEBOe HaIlbLIeHye ¢ Ko3dduumeHTOM
oTpakeHud €1 = 91 %.

(a) Ha cxosbko 3BE3qHBIX BEJIMUNMH M3MEHUTCS IIPOHI-
IAFOII[asI CIIOCOOHOCTD TAKOTO TEJIECKOIIA IIOCIIe 3aMeHbI
MOKPBITUS 3epKasl Ha «IIpeMHUaTbHOe», ¢ KoadduimeH-
TOM OTpaskeHus £ = 98 %?

(b) Tonoxum, uto s yaoOGCcTBA HAGTIOIEHUI YUaTI[Iii-
CS TaKXKe JMCIIONb3yeT IIJIOCKOe AMArOHAJIBbHOE 3epKayo
¢ xoadpduuumeHToM OTpakeHUsT €£1. Kakoil BBIMTPBIII
B MPOHULAHUY HACT 3aMeHa AMATrOHAIBHOTO 3epKaja
Ha OuaseKTpuueckoe (€3 = 99%) BKyIle ¢ ONMCAaHHOI
BBIIIIE CMEHON IIOKPHITUSA TIJIABHOTO I BTOPUYHOTO
3epKaJl Tejeckomna?

(c) OtMmerbTe Ha JNCTE OTBETOB,
YeJI0BeUECKIIT I1a3 TaKue U3MEHEHUS B SPKOCTU?

3aMETUT JIN

[Ipenebperaiite JTOOBIMU 3aBUCUMOCTIMU  KO3hdu-
LMEeHTa IMPONYCKAHWUS TeJECKONa OT [JIMHBI BOJIHBI
VI TEOMETPUY 3a8aUL.

3]

10 6asu10B

The first image of a black hole was constructed recently
by the international team of the Event Horizon Telescope
(EHT). The imaged area surrounds the supermassive black hole
in the centre of the galaxy M87. The observations resulting
in the final image were carried out at a wavelength A = 1.3 mm
where the interstellar extinction is not prohibitively large.

How large an instrument would be needed to resolve
the shadow (in effect the photon capture radius, which is three
times the size of event horizon) of a supermassive black hole
in the centre of a galaxy? Express the result as a function
of the distance d and the mass M of the black hole.

Give the size of the instrument in units of Earth radius for

the supermassive black hole in the centre of M87,
(dpr-ms7 = 5.5 % 107 1y, Mpms7 = 6.5 x 109 Mo)

and Sgr A*, the supermassive black hole of our own galaxy,
Milky Way. (dsgy a* = 8.3 kpc, Msgy o+ = 3.6 x 10° M)

What type of technology is needed for the development of such
an instrument? Mark the letter of your answer with x on
the answer sheet.

(A) Gravitational lensing by dark matter

(B) Interferometry with an array of radio telescopes

(C) Photon deceleration in a dense environment

(D) Reducing the effect of incoming wavefront distortions
(E) Neutrino focusing with strong electromagnetic fields

10 6asu10B

A student has an average quality Cassegrain telescope, with
primary and secondary mirrors having &; = 91% reflectivity
aluminium layers.

What will be the change in the limiting magnitude of this
telescope by replacing the mirror coatings with “premium”
quality €2 = 98 % reflectivity ones?

Assuming the student also uses a star diagonal mirror, also
with reflectivity €, with the original telescope — what will be
the improvement if he/she also replaces this piece with
an €3 = 99% reflectivity (“dielectric” mirror) model, combined
with the new £, mirrors? (A star diagonal mirror is a flat mirror,
inclined to the optical axis by 45°.)

Is this difference obviously detectable by the human eye? Mark
“YES” or “NO” on the answer sheet.

Consider the whole visual band and disregard any wavelength
dependence and geometric effects.
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5. PeamnkroBasgs MIUKpPOBOJIHOBKA

Teno ueoBeKa B 3HAUNTEILHON CTEIIEHU COCTOUT U3 BO-
IBI I XOPOIIIO ITOTJIOIAaeT MUKPOBOJIHOBOE M3JTydeHIIe.
Bymem cunTaTh, UTO T€JI0 KOCMOHABTa — 3TO UAEAIBHBIN
chepuueckuit mornotureas maccoit m = 60 kg, a ero
CpenHAd IUIOTHOCTb U yHeJIbHAsA TEeIJIO€MKOCTb COBIIA-
JAIT C 3TUMMU BeauMdyHamMy g Bogsl: p = 1000 kg/ m3,

C =4200 J/(kg-K).

(a) Haitmure TerioByro MOIHOCTE [B BaTTax| peIUKTO-
BOTO M3JIyUeHUs, [TOIIOIIAEMYI0 TeJIOM HaXOISIIIEroCs
B OTKPBITOM KOCMOCEe KocMOHaBTa. CIIEKTp PEIMKTOBOrO
M3IIyUeHUs] CUUTAIITe UEPHOTENbHBIM C TeMIIEPaTypoil
Tems = 2.728 K.

(b) Paccunraiite, CKOJIBKO PeIMKTOBBIX (POTOHOB KOCMO-
HaBT ITOTJIOIIAET 3a CeKyH/Y.

(c) IIpenebperas a0OBIM 9HEPTOOGMEHOM, OIIPEEIINTE,
3a KaKoe BpeMsI TeJI0 KOCMOHABTa Harpesioch Opt Ha AT =
=1 K MCKIIIOUNTENBHO PETMKTOBBIM U3JTyYeHIEM.

10 6asu10B

Since the human body is made mostly of water, it is
very efficient at absorbing microwave photons. Assume that
an astronaut’s body is a perfect spherical absorber with mass
of m = 60 kg, and its average density and heat capacity
are the same as for pure water, ie. p = 1000 kg/m® and
C = 4200 J/ (kg-K).

What is the approximate rate, in watts, at which an astronaut
in intergalactic space would absorb radiative energy from
the Cosmic Microwave Background (CMB)? The spectral
energy distribution of CMB can be approximated by blackbody
radiation of temperature Tcpmp = 2.728 K.

Approximately how many CMB photons per second would
the astronaut absorb?

Ignoring other energy inputs and outputs, how long would it
take for the CMB to raise the astronaut’s temperature by AT =
=1K?

of SENTINEL

K samaue 6. Cranmusa TpyoHas
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6. Crannusa TpyoHas

EBponerickas mporpamMma HaOJTiogeHus 3a 3eMIEN
BKJIIOUaeT B cebs nqBa cuyTHuka Sentinel-2, obpamraro-
111ecs BOKPYT 3eMJIU 110 TeIMOCUHXPOHHBIM ITOJIIPHBIM
opburam Ha BbIcoTe OKoso 800 km. Oum mpoxomsr
HaJ KaXIOJ 3aJaHHOJ TOYKOJ OAVH pa3 B HECKOJBKO
IHel, Bceraa fejasd CHUMKM B OOHO M TO K€ MeCTHOe
BpeMs (C TOUHOCTBIO B HECKOJBKO MUHYT). Kamepsr
MO3BOJIAIOT A€JIaTh CHUMKU B 13 pasiIMuHbIX CIEKTPasb-
HBIX I10JI0Cax (BUOMMOTO amarnasoHa u B OmmkaeMm UK).
Paspemenne cauMKoB — 10 MeTpoB.

Tperbe mo BbicoTe 3maHMe B Benrpum — Tpyba
anexrpocranuuu 6an3 TucayitBapora. Ha crpanuie 3
HpI/IBeI[eHI)I aBa CHYTHI/IKOBI)IX CHIMKa: OOVIH CIOeJiaH
29 uioHsa (IOUTK JIeTHEE COJHIIECTOSHUE), OAPYTOM —
16 mexabps (moutm 3umHee conHuecrosHue). CeBep
Ha 1300pakKeHUAX CBEPXY, BOCTOK — CIIpaBa.

ITo maHHBIM CHUMKAM OIIpefiesIeHbl JIMHBI TeHell TPyObl
B 9TUM JaTel: X3 = 125 m, xp = 780 m. OtBerbTe
Ha cJIeqyolI/e BOIIPOCHI:

(a) B kakoil neHb TeHb [OJDKHA OBITH JUIMHHEE?
OTBeThTE HA JIICTE OTBETOB.

(A) 29 urons
(B) 16 mexabps

(b) B xakoe BpeMs IHS CIYTHUKM IIPOJIETAIN HAM JaH-
HOJ1 06sacTpi0? OTBETHTE HA JINCTE OTBETOB.

(V)
(B)
©)
D)

paHHee yTpo
HEe3aJ0JITO 0 MOy IHSI
1ocJje Moy gHs
IIO3JHNM OTHEM

(c) Ommpasicy Ha IpUBeNEHHBIE BENMUNHBI AJIMH TEHN,
OLIEHNTE BBICOTY TPYOBL. [IJIsl yIPOIIeHUST BBIUMCIECHIT
cumTalTe, UTO CHUMKI cOeJIaHbl B MICTUHHBIN IOJIOEHb.

(d) Yuér xakux akTOpOB MOKET ITOBIMATH HA OL[EHKY
BBICOTHI TPyObI? OTBETHTE HA JIMCTE OTBETOB. Bo3MOx-
HO, HY>KHO BBIOpaTh HECKOJIBKO BapMaHTOB.

(A)
(B)

©)
(D)
(E)

CrutiocHyTOCTD QUTYPBI 3eMTn.

OFpaHI/I‘leHHoe pa3peiieHmme CHIIMKOB
I TPYAHOCTH C OIIpE€AECIJICHNEM I'PAaHNIbI TEH.

HenyneBas BbICOTa OCHOBaHMsS OAILIHI
HaJ ypOBHEM MODSL.

Ce30HHOE 3MEHEHNE HAaKJIOHA
OCH Bpalll€HUSL 3emun.

Yuér atmocdepHOIl pedpakumm.

[2]

20 6a10B

The European Copernicus Earth-observation programme
operates two Sentinel-2 remote sensing satellites. These
satellites orbit the Earth on Sun-synchronous polar orbits
at about 800 km altitude. They pass over a given area
once every few days, always taking images at the same
local time (accurate to within a few minutes). The cameras
are sensitive to 13 different optical and near-infrared spectral
bands. The resolution of the images is 10 meters.

The 3™ tallest building in Hungary is the chimney of a power
plant near the town Tiszatjvaros. You can see two Sentinel-
2 satellite images. One is from June 29, another one is from
December 16, close to the summer and winter solstices,
respectively. The orientation of the images is as normal,
i.e. north is up and east is to the right.

The estimated shadow lengths, based on the images above and
the scales given in the lower-left corners, of them are x; =125m
and x, = 780 m. Answer the following questions:

On which date do we expect the shadow to be longer? Mark
the letter of your answer with x on the answer sheet.

(A) on June 29
(B) on December 16

At which time of the day did the Sentinel-2 satellites fly
over this area? Mark the letter of your answer with x
on the answer sheet.

(A) early morning

(B) late morning

(C) early afternoon

(D) late afternoon

Based on the given shadow lengths, estimate the height of this
chimney. For this calculation only, assume that the satellite
images were taken at local noon.

What could affect the accuracy of the chimney’s derived height
(more than one choice is possible)? Mark the letter of your
answer with x on the answer sheet.

(A) The oblate spheroid shape of the Earth.

(B) Limited resolution of the satellite images and the ill-
defined edge of the shadow.

The elevation of the base of the tower above sea level.
Seasonal variation in the tilt of the Earth’s rotational
axis.

Taking into account the effect of atmospheric refraction.

©
(D)

(E)
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7. ComHeuHAadI ONATHUCTOCTH

C 1978 roga mpousBOANUTCA HENPEPBIBHBIN CITyTHUKO-
BBII MOHUTOPUHT COJHEYHOI IOCTOSHHON (cosmaBae-
Moii CoJIHLIEM OCBEIEHHOCTH). ITU M3MepeHMs II0Ka-
3BIBAIOT, UTO OHA JCIIBITHIBAET CE30HHbLIE, MECAUHLIE,
TOOMYHbIe ¥ OoJiee MOJrOIeprogmdecKnue KojaeOaHms.
CesonHble Ko0JeOaHUS OOBSICHIIOTCS IePUOANYECKUM
usMeHeHneM paccrogHusa 3emid — CoHIe; CyIecTBO-
BaHMe BapMalyil C IEPUOAOM B JAECATKU JIET BbI3BaHbI
LMKJIAMI COJTHEUHO aKTUBHOCTIAL.

(a) Borumcianre CONHEUHYIO ITOCTOSHHYIO IUISL PAcCTO-
aang 1 au or CosHna, mosaras msnydeHue CoirHITa
YepHOTENbHBIM, a caM0o COJIHIle CIIOKOIIHBIM.

(b) Paccuuraiite colHeuHbIE MOCTOSHHBIE I Hayana
STHBaps U Hauvaiya uionsd. Hainure nx oTHOIIEHME.

(c) Hycrp Ha CoHIle IPUCYTCTBYET KPYIJIOE OKOJIOIK-
BaTOPMAJIbHOE IIITHO CO CpeJiHeN TeMIieparypoit Tg, =
3300 K u mumamerpom Dgp, = 90000 km. Omnpenenure
3HAUEHIE YCPEeQHEHHON IO Bceil cdepe CONMHEUHOIN
TIOCTOSTHHOI 171 paccTogHus 1 au ot ConHIA B TaKoi
CUTyaluH, a TaKKe BBIUMCINTE OTHOLIEHNE COTHEUHBIX
MOCTOSTHHBIX «YMCTOTO» U «IATHUCTOTO» COJHIIA.

(d) Koneuno e, ycpemHeHme 1o cdepe He maér
peanbHOro IpeacTaBieHNss O KOHKpeTHOM Habiromae-
MOM 3HAUEHUV COJIHEUHOJ IOCTOSHHON. Paccumraiite
oTHOIIeHNe co3gaBaeMbix CoHIIeM Ha 3eMJie OCBEIIEH-
HOCTeJI B cilydasx, Korja IdTHa He BUAHO I KOrJa OHO
HaxXOAUTCS 10 LEHTPY AMCKa.

[4]

[4]
[7]

20 6a10B

Since 1978, the solar constant has been almost continuously
measured by detectors on-board artificial satellites. These
accurate measurements revealed that there are seasonal,
monthly, yearly, and longer timescale variations in the solar
constant. While the seasonal variations have their origins
in the periodically varying Earth — Sun distance, the decade-
long quasi-cyclic variations mainly depend on the activity
cycle(s) of the Sun.

Calculate the value of the solar constant at the top of the Earth’s
atmosphere, when the Earth is 1 au from a perfectly quiet Sun,
assuming that Sun emits as a perfect black-body.

Calculate the solar constant of this perfectly quiet Sun in early
January and early July, and find their ratio.

Calculate the solar constant again at 1 au in the presence
of a near equatorial sunspot with mean temperature of T, =
=3300 K and diameter of sunspot Dg, = 90000 km. Calculate
the ratio — blank Sun to Sun with sunspot. Assume the sunspot
is circular and ignore the effects of its spherical projection.
Neglect any other activity features. Also assume that the Sun
is rotating fast enough, hence solar irradiance is still isotropic.

In reality solar irradiance is no longer isotropic. Calculate the
ratio of solar irradiance for the cases when the sunspot is not
visible from the Earth to the case when it is fully visible.
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8. Bapumamua ammiunryasbl 38€34 Tuna RR JInpser 20 6aLIoB
BeHrepckme acTpoHOMBI BHECIN BKJIaJ B MICCI€OBAHNE Hungarian astronomers significantly contributed to the study
NyJIbCUPYIOIINX HepeMeHHbIX 3Bé3m Tuma RR Jlupsr, of pulsating variable stars of RR Lyrae type, which show cyclic
e MOHCTPUPYIOIMX IepPHOANIECKOe H3MEHEHHe aM- amplitude modulation in their light variation (Blazhko effect).
ILIUTYIbI KpuBOIL 6itecka — addext Braxko.

Kpusas Giecka 3Besnbl tuma RR Jlupsl Habmrogaercs The light variation of an RR Lyrae star is observed at two
Ha A; =500 nm u A, = 2000 nm. [ny6umua Bumm- different wavelengths: 1; = 500 nm and A = 2000 nm. At each
MBIX CIOEB 3Be3Jbl pasiiuHa IS KAKION M3 9TUX wavelength, we see into the star at a different depth. We refer

to the depths as layer 1 and layer 2. One can approximate
the light intensity of a star at a given wavelength by the radius
and the black-body radiation intensity at the appropriate depth.
Moreover, the Wien approximation can be used for the black-
riayouHe. ByneM ncmosnbssosarh 3akoH usnyveHns Buna body radiation to calculate the emitted power from unit surface
IUIS CIIEKTPAJIBHOM IUIOTHOCTM MOIITHOCTY W3JIYUeHUS area:

€OUTHIIBI IIOBEPXHOCTN abCOIIOTHO ‘IépHOI‘O TeJa:

onuH BonH. CBETMMOCTb 3Be3Jbl MOKHO OLIEHNTD
TI0 pafinyCy COOTBETCTBYIOILIETO CJI0d, CUNTAsA BHEILIIHME
CJIOM IIPO3PauvHBIMIU, ¥ IO TEMIIEpaType Ha 3aJaHHON

1 hc
F(/I,T)o<—exp(— ),

A5 kgAT
U BBeHéM [JII YIIPOLIEHUs Clenylollee 00O3HaueHIe: where h is the Planck constant, kg is the Boltzmann constant,
Cp=hclkg=~0.0144 m-K. and c is the speed of light. To simplify the calculations we

introduce a new constant C, = hc/kg ~0.0144 m-K.

(a) IonoxuM, UTO B KaKOOM M3 CJIOEB TeMIIEparypa E Assume that the temperature varies between T; = 6000 K and
n3MeHsieTcs B npegenax ot 1 = 6000 K mo Tp = 7400 K, T, = 7400 K in each of the layers and ignoring radius variation,

a pajMyChl CIIOEB MOCTOSHHBL KaKOBO OTHOIIeHME aM- what is the ratio of the amplitudes of variation in magnitudes

.. . at the two wavelengths?
IUINTY M3MeHeHNA 3BE3HOI BeJIMUMHBI Ha 3alaHHBIX &

IANHAaX BOJIH?

(b) KakoBa monuas ammumryga (or min mo max) @ What is the peak to peak amplitude of the light curve at 1,?
M3MeHeHUsT 3BE3MHOII BENIWYMHBI 3Be3Obl Ha [JIMHE Use the magnitude scale.
BOJHBI A7

(c) Kakywo amrmuryny KpuBoit Oiecka ofecrieumBaer @ Ignoring temperature variation, what is the contribution

KoJlebaHMe paamMyca B Ipemenax OT Rpin = 0.9(R) of the radius variation to the light-curve amplitude
for a given wavelength, if Ryin = 0.9(R) and Rpax = 1.05(R)?

I0 Rmax = 1.05(R), tme (R) — cpemHmMiI pagnyc,
(R) is the mean radius of the given layer.

IIpM IIOCTOSHHOJ TeMIlepaType Ha 3aJaHHoi A?

(d) Ceexxue pabGoThl Ha 9Ty TeMY ITOKA3bIBAIOT, UTO U3- E‘ Recent observations and models show that the radius
MeHeHUe pa3Mepa 3Be3[bl KyJa MeHee 3HAuMMO, of the photosphere is only minimally modulated during

ueM OTHOCHUTENbHOE U3MEHEeHME TeMIIEPATyphl CIOEB. the Blazhko cycle; however, the temperature variation
is significant. As a result, the amplitude of light curve itself

keeps varying. Let us assume that during the minimum
amplitude of pulsation the temperature variation is reduced

Kak pesysbrar — KpuBas OJecKa TakuX 3BE3[ MMeeT
IepeMeHHYI0 aMILUIUTYAY.

MakcuMaybHBIN [Mana3oH Kojie0aHuil TeMIlepaTypsbl to Toin = 6100 K and Ty = 6900 K. What is the modulation
3ajiaH B IyHKTe (a); MuHMManbHbLL: T = (6100+6900) K. amplitude at the two wavelengths? For the maximum
Omnpenenure pasHUIY MaKCUMAJIbHOM ¥ MUHIMAJIBHOIL amplitude, use the temperature values given in part a).

AMIUINTY[] U3MEeHEeH!T KpuBoIi Oecka st A u As.

(e) BriGepure BepHbIe yTBEpKAeHN (BHECUTE HA JIUCT [4] Which statement is correct? (There can be more than one
OTBETOB): correct selection.) Mark the letter of your answer with x
on the answer sheet.

(A) 9ddexr Braxko nerue Habmonars B UK.
(A) It is easier to observe the Blazhko effect in the infrared

(B) Konebanus Temmepatypsl 06eCIeunBaOT HAU-

GosbLINII BKJIAZ B M3MEHEeHe BUAUMOro GirecKa. band. . ) ) )
(B) The temperature variation dominates the visual light
(C) Ecau cumrath paguyc OCTOSHHBIM, aMILIITYAA curve

KpMBOJ1 O6JIecka 0OpaTHO IPOIOPIMOHANBHA A.

(D) MuorongerHas poromerpus Gecrioiae3Ha
B usyueHnu s dexra Braxko.

(C) If we neglect the radius variation, the amplitude
is inversely proportional to the wavelength.

(D) Multi-colour observations are not useful in under-
standing the Blazhko effect.
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9. Touka L, cucremsl 3emrs — JIyna

3 aaBapa 2019 r. kuTalickuil anmapaT «YaHb3-4»
IPIUTYHIIICS Ha OOpaTHYIO cTOpoHY JIyHBI B OKpecT-
HOCTb Kpartepa ¢on Kapmana (HasBaH B uecTh ¢pm3mKa
BEHTepPCKOTO IPOMCXOKICHIA).

ITockonpky 3emia He HAXOAUTCA B IIPIMOI BUIMMOCTH
ammapara, asg komMmyHukanun ¢ [[YIlom Heo6xommma
cTaHIMg cBA3U. Kurajickoe KocMHUecKoe areHCTBO
pelmIo 3Ty npobiieMy, OTIIPaBUB CIYTHUK «Ll1oa11g0»
Ha opOuTy B OKpecTHOCTU BHelrHell Touku Jlarpanska Ly.

Haiinure BpICOTY /i 9TOrO CIIyTHMKA CBSI3M HaX IOBEPX-
Hoctbio JIyHbl. Opbuty JlyHbI cunraiite KpyroBoOil ¢ pa-
auycoM R = 384400 km, mpeneGperure BO3MYILLEHUIMU
co cropoHb! CoJHIa U ILIaHET.

Xosdiike Ha 3amMemKYy:

1
(1+x)2
10. IOr — BocTOK — ceBep
Ilycte 3eminsa — umeaNbHBIN TBEPABIN IIAp paguyca

R = 6378 km. Cy1iecTByIOT TOUKM Ha €€ ITOBEPXHOCTIH,
olamarorue CIEOYIOLIMM CBOJMICTBOM: €CJIM U3 TaKOM
toukn npoittu 6378 km Ha for, 3arem 6378 km Ha BocTOK,
a moroM 6378 km Ha ceBep, BepHEIIIbCS B TOUKY CTapTa.
Harigure Takue TOYKM ¥ COOTBETCTBYIOIME M 3aMKHY-
Thle IyTHU. BrIpasure reorpaduueckme KOOPAWHATHI
TOUEK IIOBOPOTAa HAWJECHHBIX PEIIeHNUI M 3apUCYITe
ceMelICTBa Hall[JeHHBIX ITyTeIl.

Honrory GymeM u3MepsaTh K BOCTOKY OT TPMHBIUCKOTO
MepuaMaHa B AMalla3oHe OT 0° mo 360°; IINPOTYy —
or —90° mo +90° (3Hak «MuHyC» oTBeuaer IO)HOMY
nonyiapuio). Perrenus, moayuaroruecs qpyr U3 gpyra
OCEBBIM IIOBOPOTOM, CUMTANITE HEPA3INIMMBIMI.

=~1-2x,

20 6a10B

On 3 January 2019, the Chinese spacecraft Chang’e-4 landed
on the far side of the Moon in the area of the von Karman
crater, which was named after the world famous Hungarian-
born physicist Theodore von Karman.

As the Earth remains below the horizon of the spacecraft all
the time, a relay station is also necessary for the communication
with mission control on the Earth. For this purpose,
The Chinese Space Agency launched a spacecraft, Queqiao,
which was placed into a halo orbit around the outer Lagrangian
point of the Earth — Moon system, L, the far side of the Moon.

Calculate the distance (k) of this satellite above the surface
of the Moon. The Moon’s orbit should be considered as a perfect
circle with a radius of R = 384400 km. Neglect perturbations
from the Sun and other planets.

Hint: You can use the following approximation:

|x| < 1.

20 6aIoB

Consider the Earth as a perfect, rigid, sphere with radius
R = 6378 km. There exist some points on the surface of the Earth
from which we can travel first 6378 km South, then 6378 km
East, and after that 6378 km North, and as a result return
to the original point of departure. Find such points and paths.
Calculate the geographic coordinates of the turning points
of your solutions and draw the paths.

For the sake of simplicity measure the geographic longitude
from 0° to +360° eastward from Greenwich, the geographic
latitude from 0° to +90° north of the Equator and from 0°
to —90° south of the Equator. Solutions resulting from rotational
symmetry should not be considered to be different.
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11. Upentudukanusa bopua

TESS — nepenoBas muccusg NASA 1o «oxoTe» 3a 9K30-
rraneramu. OHa 0603peBaer 105kHOe He0Oo [t 00HApY-
JKEHIs 9K30IUIaHeT y OMVDKalIIMX U SpUailImx 3BE3[
1 COIyTCTBYIOIIETO MCCIENOBAHNS II€PEMEHHBIX 3BE3T,
CBEpPXHOBBIX I ACTEPOMUIOB.

Ha ormensHOM nmcre IpuBedeHBI KpuBble OJecka
8 MepumomMUecKMX IepPeMeHHBIX 3BE3N ((PpU3MUECKUX,
3aTMEHHBIX U BPAIlaTeIbHBIX), IPOHYMEPOBAHHBIX OT 1
1o 8. IIo ropM3OHTAIBPHO OCK OTJIOKEHa OapUIEeHTPU-
yeckas roamaHckad mata BJD —2400000, mo BepTUKaib-
HOJ — BU3yaJbHad 3BE30HAaA BeJINYNHA.

(a) CoorHecure 3amaHHbIe 3BE3NBI M TUIBI UX IIE€PU-
ONMVYHOCTY. 3aIIOJIHNUTE KJIETKU Ha JIICTE OTBETOB
HOMepaMU 3BE3[.

« Tumna heart-beat («xapamorpammas)
+ Ilynscupytomras tumna RR Lyr (mogkiacc RRab)

+ 3armenHas Tuna Aarois (IoJxypasmeaéHHas)
C IYJIbCUPYIOLIENT KOMIIOHEHTOM

« Ilynscupyrommas tuma a? CVn

+ Ilynscupyromas Tuna W Vir (momyssamus II)

» 3aTMeHHad pasaeJ€HHasd C CUJIPHBIM OTPaKEHIEeM
« 3aTMeHHasa KoHTakTHag Tuna W UMa

» BpamarenbHad nepeMeHHas ¢ IATHAMU

(b) Onpemenure mepmompl KaXXHOM U3 3BE3N [B MHIAX]
¢ TouHOCThIO +5%. BHecuTe MX HaA JINCT OTBETOB
C TOYHOCTHIO A0 2 3HAKOB IOCJIE 3aIATOI.

(c) Kaxomy acTpoHOMMYECKOMY OOBEKTY VI SIBJIEHUIO
COOTBETCTBYeT IIpMBeNEHHAs HIDKe KpuBas Oiecka?
OTMeThTE OyKBY Ha JIMCTE OTBETOB.

(A) CobbITie MUKPOIMH3UPOBAHNS

(B) 3acBeuennas n3-3a 6am3ocTu Mapca rajJakTuka
(C) KomerHas KoMa Ha KPalo IOJIS 3PEHMS

(D) CsepxHoBas B qanéKoif ralakTuKe

(E) CymepBcmbliiKa Ha CBEPXTUTAHTE

[1]

25 0aIoB

TESS (Transiting Exoplanet Survey Satellite) is NASA’s most
recent exoplanet hunter mission. It has been surveying
the southern sky to locate exoplanets around the brightest
and closest stars, along with a large number of time-variable
phenomena (pulsating and eclipsing variable stars, supernovae,
stellar flares, and asteroids among others).

On the separate sheet you will find graphs with light curve plots
of 8 periodic variable stars (intrinsic, eclipsing and rotational;
namely FO Eri, RW Dor, 24 Eri, TIC 147272181, ST Pic, UY Eri,
VV Ori, AH Col) from the TESS target list, numbered from 1 to 8.
The horizontal axis is BJD —2400000 in days, and the vertical
axis is V in magnitudes, where BJD is the Barycentric Julian
Date, and V is the visual brightness.

Below is a list of variable star types. Match each light curve
of the star with its variability type by writing its number
into the rectangle on the answer sheet.

+ Heart-beat star

« RR Lyrae type (RRab subclass) pulsating variable star

« Eclipsing binary of Algol type (semi-detached) with
a pulsating component

« a? CVn pulsating variable star

« W Vir type (Population II) Cepheid pulsating variable star

« Detached eclipsing binary with strong reflection effect

« Contact eclipsing binary of W UMa type

« Rotationally variable (spotted) star

Based on the light curve plots, estimate the periods of each
variable star in days. Give your answers on the answer sheet
up to 2 decimal places. Periods in the range +5% of the true
periods are acceptable.

What type of astronomical object produced the TESS light curve
shown in the figure below? Mark the letter of your answer
with x on the answer sheet.

(A) Microlensing event

(B) Saturated galaxy due to the proximity of Mars

(C) Comet’s coma close to the edge of the camera field
(D) Supernova in a distant galaxy

(E) Superflare on a supergiant star

16.0
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—~. 18.0
=T

o

(ma
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12. PaccrossHmue A0 OKOJIO3EMHOI'O acTepomnjga

Hexnit oxomo3eMHBII acTepouy HaOIOOAETCS XBYMS
actpoHomMamm: omumH — B Hanppkanwmwke (Benrpus),
opyroit — B Buupxyke (Hammbms). donrorsr o6oumx
TOPOJIOB COCTABJISIOT B TOYHOCTM 17° K BOCTOKY
or TpunBuua, mmporsr — 46°27" c.ur. u 22°34 ro. w1
cooTBeTcTBeHHO. l'opoma pacmosiaraloTcs Ha YpOBHE
MOpsi. ACTPOHOMBI HAONIOJAIOT aCTEPOUT B MOMEHT
mepecevueHuss UMM WX MepuAMaHa. B 3TOT MOMeHT
BEHTrepCKuil HabaogaTesb BUOUT acTepou B 25° K 10Ty
OT 3€HUTAa, a4 HAMMUOMIICKMUIT — Ha paccrosHUN 45°
OT 3eHNTA K CEBEPY.

(a) N306pasnrte uepTésx, OTBEUAIOILINIT OMIIICAHHOI reo-
MeTPUUECKOI KOHPUTYPaLINL.

(b) Haitoure reoieHTpmUuUecKoe pacCTOSHIE acTepouma
B OIIVICAHHBIII MOMEHT BpeMeHU. Bripasure oTBeT B eu-
HUIAX pagnyca 3eMian U GOJIBIION IIOTIYOCH OPOUTHI
Jlyusr. AtmocdepHoit pedpaxiimert mpeHeOpernure.

13. Cxomienne BoJioc

Cxomnenne Bomnocsr Bepommku (Abell 1656) mmeer
yrioBoit muamerp okomo 100" m cocrour Gomee uem
u3 1000 rajlakKTUK, B OCHOBHOM KapJIMKOBBIX U I'MTAHT-
CKMX SJUIMIITUYECKUX, 00paI[afoIXCsI BOKPYT OOII[Ero
LIEHTpa MacCc CKOIUIEHMS IPUMEpPHO II0 KpPYyTroBBIM
opb6utam. B Tabiuie mpuBeeHb! U3MepPEHHbBIE JTyUeBbIe
CKOPOCTY HEKOTOPHIX UJIEHOB 3TOTO CKOILJIEHUH.

[5]

25 0aIoB

that Near-Earth  Asteroid is observed
by two astronomers, one from Nagykanizsa, Hungary
and one from Windhoek, Namibia. The longitudes of the two
cities are exactly 17° east of Greenwich. They observe
the asteroid when it crosses their respective meridians.
The Nagykanizsa-observer sees the asteroid 25° south of his
zenith at this instant, while the Windhoek-observer sees it 45°
north of his zenith at the same instant. The latitudes of the two
cities are 46° 27’ N and 22°34' S, respectively. The sites of both
astronomers are at sea level.

Assume a

Draw a diagram of the geometric configuration.

What is the distance of this asteroid from the centre of the Earth,
expressed in units of Earth-radii and the average Earth-Moon
distance? Provide a solution which makes use of all available
information. Neglect the effect of the atmospheric refraction.

40 6aJUI0B

The Coma galaxy cluster (Abell 1656) has an angular diameter
on the sky of about 100 arcminutes, and contains more
than 1000 individual galaxies, most of which are dwarf
and giant ellipticals orbiting the common center of mass
of the cluster in approximately circular orbits. The table below
lists the measured radial velocities of a few individual cluster
member galaxies.

Ne v, km/s Ne v, km/s Ne v, km/s Ne v, km/s
1 6001 6 7116 11 7156 16 7111
2 7666 7 7004 12 7522 17 8292
3 6624 8 4476 13 7948 18 5358
4 5952 9 6954 14 4951 19 4957
5 5596 10 8953 15 7797 20 7183

(a) Mcronp3yst CpemHIO JIY4YEBYI CKOPOCTH UWJIEHOB
CKOILTIeHMd, OTIpeesIITe pacCTOsIHIE IO Hero.

(b) Onennre nuHeNHBIN AUaMeTp CKOIIeHNs [B MIK].

(c) Teopema Bupmana rIacUT, UTO €CIM CKOILIEHIE
rajJakTUK HaXOOWTCSI B OUHAMIUYECKOM pPaBHOBECHUI,
TO cpemHAA KuHermueckag (K) M rpaBUTAalMOHHAA
noreHmaitsHas (U) sHepruu cBA3aHbI COOTHOILIEHUIEM

[8]
[4]

Derive the distance of the cluster from the mean radial velocity
of the galaxies listed in the table.

Estimate the physical diameter of the cluster (in Mpc), assuming
the Coma cluster is spherical.

The virial theorem states that if the galaxy cluster is in dynamic
equilibrium, then the mean kinetic energy, (K) and the mean
gravitational potential energy, (U), are related by

—2(K) =(U).

Jnsa ynpoleHus CYuTaiiTe, UTO BCE TAJIAKTUKM JIMEIOT
NIpMMEPHO PaBHYIO MacCy /1, a CKOILJIeHIe — IIIapOBOe.
Hcrmonp3yiiTe TeopeMy BupMaia, YTOOBI TOKa3aTh, YTO
(BMpmasIbHAs) Macca CKOILJICHMS BBIPAKAETCSA TaK:

M

5R
= —0'2

G

For simplicity, assume that each galaxy has approximately
the same mass, m. Use the virial theorem to prove that, in this
case, the cluster mass M (also called as the virial mass) can be
expressed as

r
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raoe 0‘%. — AUCIIEPCUA JIYyUE€BBIX CKOpOCTe]’Z TaJIaKTUK.

CI)opMyna JIA CPEAHEKBAAPATNIUHOTO OTKIIOHEHVIA:

(d) Uconp3ys mamHble M3 TAOAUIBI BBIIIE, OLIEHUTE
BUPMAIBHYI0 MAaCCy CKOIIEHNS [B COJTHEUHBIX Maccax|.

(e) IMonuas cBeTMMOCTH CKOILIeHNS Bomocer Beponukn
L=~5x10"? L. Haltmure oTHOIIIeHIe Macca/CBETUMOCTD
(B Mo/Lo].

(f) BriGepurte BepHbIe yTBEPKIeHNUS (BHECUTE HA JIUCT
OTBETOB):

(A) OtHoureHne Macca/CBETUMOCTE CKOILTIEHU Boto-
cbl BepoHUKM 3HauMTeJIbHO BBIIIE, UEM Yy THU-
MIIYHOMN CIMPAIBHOI raJaKTUKI Bpoae MiteuHoro
IIyTn.

OTHoIlIeHNEe Macca/CBEeTUMOCTh CKOTLIeHUSI Boo-
ChbI BepOHI/IK]’/I IIPMMEPHO COBIIAAAET C OTHOILIEHN -
eM IJI TUITMTYHOM CHI/IpaJIbHOﬁ TaJIaKTUKIL.

(B)

OTtHomenne Macca/cBeTUMOCTE CKOILIeHNA Boso-
cbl BepoHUKN CylleCTBEHHO HILKe, UeM y TH-
MIYHOJ CIIMPANIbHOI ralaKTUKI Bpoae Mieunoro
ITyTu.

CxkomneHnne Bosocs! BepoHUKM cogepskut ropasmgo
Oosiplile TEMHOII MaTrepuy, UeM TUMMUHASI CIIV-
pajypHas rajakTuKa.

Cxomutenne Boisocbl BepoHUKM comepXUT Kyna
MeHblIle TEMHOM MaTepuy, ueM TUIMUYHAsA CIU-
pajypHadg raJakTuKa.

-1 (xi _f)z

where 0?2 is the velocity dispersion of the cluster.
The formula for standard deviation:

n—1

Using the data in the table, estimate the virial mass of the Coma

(2]

[4]

cluster in solar masses.

The total luminosity of the Coma cluster is
L =~ 5x 102 L,. Calculate the mass-luminosity ratio
of the cluster in solar mass per solar luminosity units.

Which of the following statements is true (more than one
answer is possible)? Mark the letter of your answer with x
on the answer sheet.

(A) Themass-luminosity ratio of the Coma cluster is much higher

than that of a typical spiral galaxy, like the Milky Way.

(B) The mass-luminosity ratio of the Coma cluster is similar

to that of a typical spiral galaxy.

(C) The mass-luminosity ratio of the Coma cluster is much less

than that of a typical spiral galaxy.

(D) The Coma cluster contains much more dark matter than

a typical spiral galaxy.

(E) The Coma cluster contains much less dark matter than

a typical spiral galaxy.
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14. ®oTorpadpmpyemM HaAaHOCITY THIUK

«MASAT-1» — nepBblit cieJIaHHBII IIeJIMKOM B BeHrpun
HAaHOCIIYTHUK-KyOcaT. B ocHOBHOM oH ObuT chenaH
13 aNOMMHNL, IToJHas Macca Kyba 1 kg, mumna
ctopoHbl —10 cm. Ero usroroBuiu crygeHTsl TexHuue-
CKoro yHmBepcurera bypamemira B 2009 romy; 3amyck
cocrosuica B 2012 romy, a caM CIYTHMK IIpopaboTai
IO OKOHUaHMS ILIAHOBOTO BpeMEHM >KU3HU U Cropel
B atMocdepe B 2015 roxy.

Bsicora skcuenTpuunoit op6utet MASAT-1 nusmeHsiach
B Impepmenax OT Amin = 350 km 1m0 hmax = 1450 km,
HO B paMKax [JaHHOM 3afaum OymeM CUUTaTh OpOUTY
CIyTHMKA KpyroBoil BeicoToit 900 km Hapm ypoBHeM
MOpSL.

Komanpma MASAT’a 3axorena cororpadpmpoBarh CIIyT-
HUK ¢ 3eMuM U IIONpOCKIIA O ITOMOIIM YUEHBIX acT-
poHoMmUecKkoit obcepBaropun Baim (Ap = 19.010843°,
@5 = 46.180329°, h = 100 m).

B ob6cepBaTopmym ecThb TeNECKOII CUCTeMBbI Puum—
Kperbena c ameprypoit 50 cm ¥ OTHOCUTEIBHBIM
orsepcrueM f/8.4. Yeranosnennas Ha HéM [13C-kamepa
uMeeT paspeureHne marpunbsl 4096 x 4096 mpu pas-
Mepe mmkcenra 9 pum, e€ KBaHTOBasg 3(deKTUBHOCTD
coctaBiger okomo 70%. Ilpu SKCIOSUIUU Teyp =
= 2 min DTpoHMUIAWIas CII0COGHOCTH cocTanusger 19.5™.
Haxmnonenne op6utsl cryTHnka i = 70°, HampasieHne
OpOMTATIBFHOTO ABIDKEHVS COBIIAfaeT C HalpaBlIeHUEM
BpaleHnsa 3eMin. B redeHMe CbEMKU TeJIECKOII HAIIPaB-
JIEH B 3€HMT; YaCOBOJ MeXaHV3M BKIIIOUEH.
YuursiBaiite ToapK0 cBet oT ConHua (3abymbre mpo or-
paxenns ot 3emun u Jlyusr). [Ipenebperure armocdep-
HBIM pasMBITIEM M300pa)KeHsI U IOTJIOIIEHIEM CBETA.
Taxske cunrariTe, UTO OTpasKaoInasd IUIOMIAb CITyTHIKA
Bcerga pasHa 100 cm?.

60 6aI0B

The very first, entirely Hungarian-made, satellite was
“MASAT-1”, a nanosatellite “cubesat”. It was made mostly
of aluminium with total mass 1 kg, sides length [ =10 cm
and a longer communication aerial. It was designed and
prepared at the Technical University of Budapest (BME)
in 2009 by students. The launch occurred on February 13,
2012, using a Vega rocket from the Kourou launch site —
together with several other cubesats from other countries.
It operated successfully right up to the last minutes of its
lifetime (the transmitted last data packages were captured
by radio receivers on the evening of January 9, 2015, a few
hours later the nanosatellite re-entered the atmosphere and

disintegrated).
M/sat -1

The orbital altitude of MASAT-1 changed between hmin =
=350 km and hpax = 1450 km (due to its highly eccentric
orbit), but in this question assume it to be in a circular orbit
900 km above the sea level.

The MASAT team wished to photograph their nanosatellite
from the ground. Thus, they called the staff of Baja
Astronomical Observatory (South Hungary, A5 = 19.010843°,
¢p = 46.180329°, hp = 100 m) to photograph the orbiting
MASAT-1 with their telescope.

The observatory has a Ritchey - Chrétien type reflecting
telescope with a diameter of 50 cm, and focal ratio of f/8.4.
The CCD camera installed on the telescope had a 4096 x 4096
chip with 9 um sized square pixels. The quantum efficiency
of the CCD was about 70%. The practical detection limit was
about 19.5™ visual band applying a Tex, = 2 min exposure
time. Disregard any effects of seeing. The orbital inclination
of MASAT-1 was about i = 70° and the direction of the orbital
motion was the same as the Earth rotation. In addition, let us
assume that the reflection area always is 100 cm?. Throughout
this event, the telescope was pointed to the local zenith, and
its RA motor was tracking the stars. Consider only light from
the Sun, you can ignore light reflected from Earth and Moon.
Ignore the effects of atmospheric extinction.
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(a) Haiinure BUAuMYyI0 BUSYaTIbHYIO 3BE3IHYIO BEJIMUN-
Hy Ky0caTa IIpy MealbHBIX YCJIOBMAX: KOTJa OH HaXo-
IUTCS B 3eHUTe B ITyHKTe HAOJIIOOeHNs B IIOJTHOYb. Bce-
mu atmocdepubMHI 3ddexkramu npeHeOpernte, 3eMIT0
cumraiite mapom. Ans6eno 3epKaTbHOIN aTIOMIHIEBOII
mnacTunsl a = 0.70.

Ioockasxka: cpaaute MASAT-1 ¢ monuoit JIyHOIL.

(b) Yro oTBeTMNIM CIIELMAINCTBI U3 0OCEpBATOPUN
Ha 1pocsbbl KoMaHabl MASAT: BO3MOKHO JII1 Ha OIMN-
CaHHOM O0OpYyMOBaHNUM CHeJNaTh CHUMOK JaHHOTO
kybcara? IlpmBeguTe HeoOXOAMMEBIe NOXPOOHBIE
Pac4YéThI, a 3aTeM BHECUTE OTBET Ha JINICT OTBETOB.

(c) Kak m3menmuics 651 OTBeT Ipu yuéTe aTMOCHEpHOTO
pasmbiTus (seeing), Kotopoe B BeHrpum cocrasiser
BOMm3u 3eHuta npumepso 3.5”? IlpuBegure pacuérs
I OTMeThTe Ha JIICTe OTBeTOB BhIBOA: “YES”, “NO”
mnu “Close to the limit” = morpannmunast curyanus.

Ykazanue: xoTs peanbHBI IPOGUIE MATHA B GOKAIBHOI
wrockocty mpubnpkaercs 2D-rayccuaHoit, BBl MOXKeTe
CUNTATh paclpefieJieHNe MHTEHCUBHOCTM B IIpefesax
MIITHA paBHOMEPHBIM.

Calculate the apparent visual magnitude of this cubesat under
ideal observational circumstances, i.e. when it was at the local
zenith of the observing site (Baja, Hungary) at midnight. Omit
all atmospheric effects, and consider the Earth to be a sphere.
The albedo of a specular aluminium plate is a = 0.70.

Hint: Use a comparison of MASAT-1 with the Full Moon.

What was the Observatory’s answer to the MASAT team;
would it ever be possible to photograph their nanosatellite
with the existing equipment at the observatory? Mark “YES”
or “NO” on the answer sheet. Support your answer with
detailed calculations.

What would have been the answer if they had taken into
account the blurring effect of the atmosphere, the so-called
seeing? In Hungary the typical FWHM (Full Width at Half
Maximum) value of the blurred stellar images — which
can be approximated by a symmetric 2D Gaussian profile close
to the zenith — is about 3.5”. Mark “YES” or “NO” or “Close
to the limit” on the answer sheet. Support your answer with
a short calculation.

Hint: Although the illumination of the seeing spot in the focal

plane can be approximated by a symmetric 2D Gaussian profile,
you can take it to be homogeneous in your calculation.
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